Acute respiratory distress syndrome (ARDS) is a common clinical disorder caused by a variety of direct and indirect injuries to the lung, characterized by alveolar epithelial and endothelial injury resulting in damage to the pulmonary alveolar-capillary barrier. The cardinal clinical feature of ARDS, refractory arterial hypoxemia, is the result of protein-rich alveolar edema with impaired surfactant function, due to vascular leakage and vascular dysfunction with consequently impaired matching of ventilation to perfusion. Since its first description in 1967, considerable knowledge concerning the pathogenesis of ARDS has been obtained, however, a plethora of questions remain. Better understanding of the pathophysiology of ARDS has lead to the development of novel therapies, pharmacological strategies, and advances in mechanical ventilation. However, lung-protective ventilation is the only confirmed option in ARDS management improving survival, and few other therapies have translated into improved oxygenation or reduced ventilation time. But despite improvement in our understanding of the therapy and supportive care for patients with ARDS, mortality remains high. It is the purpose of this article to provide an overview of the definition, clinical features, and pathogenesis of ARDS, and to present and discuss therapeutic options currently available in order to effectively treat this severe disorder. 
Definition and Diagnosis
The acute respiratory distress syndrome (ARDS) is a common clinical disorder characterized by alveolar epithelial and endothelial injury leading to the development of a protein-rich non-cardiogenic pulmonary edema and finally acute respiratory failure. The term ARDS was initially introduced by Ashbaugh et al. [1] in 1967 describing a clinical syndrome of acute respiratory distress and cyanosis refractory to oxygen therapy in 12 patients who required positive-pressure mechanical ventilation. Although this publication represented a landmark in formally defining the syndrome, the criteria lacked specificity leading to varying interpretations, making the comparison of results across clinical studies difficult and even impossible. In 1994, the American-European Consensus Conference (AECC) proposed a revised definition for ARDS [2] which was now recognized as only the extreme manifestation of acute lung injury (ALI): ALI and ARDS are defined as syndromes of inflammation and increased pulmonary permeability associated with clinical, physiological, and radiological abnormalities (table 1) . They are acute in onset, characterized by refractory hypoxemia, and associated with diffuse bilateral radiological lung field infiltrates. Chest radiographs reveal a progression from diffuse interstitial infiltrates to diffuse, fluffy, alveolar opacities. In contrast to the radiological features of a cardiogenic pulmonary edema, chest radiographs of ARDS patients often lack cardiomegaly, pleural effusions, and vascular redistribution. In the initial stage of ARDS, computed tomographic scanning reveals bilateral opacities which are more dense and pronounced predominantly in the dependent, posterior lung zones, whereas the anterior lung fields may be spared. The clinical and physiological severity of the pulmonary injury is distinguished by pulmonary gas exchange which is defined by the ratio of partial arterial pressure of oxygen (PaO2) to the inspired fraction of oxygen (FiO2). The term ALI refers to patients with a PaO2/FiO2 ratio of < 300 mmHg, whereas a ratio of < 200 mmHg defines ARDS regardless of the amount of positive end-expiratory pressure (PEEP) required to support sufficient oxygenation. To exclude a cardiogenic pulmonary edema, the pulmonary artery occlusion pressure (PAOP) should be < 18 mmHg, or no clinical evidence of left atrial hypertension as a sign of left heart failure should be detectable. Furthermore, the consensus definition recognizes the clinical symptoms without attention to specific molecular, immune, or physical events as a cause of respiratory failure, and is thus regarded as the clinical expression of a group of various processes causing diffuse alveolar damage. Both ALI and ARDS may occur as a consequence of 2 distinct pathogenic events converging on a common pathophysiological pathway: a direct ('pulmonary') injury, affecting lung parenchyma such as pneumonia, aspiration, pulmonary contusion, or toxic inhalation, and an indirect ('extrapulmonary') insult (table 2) . A principal example of an indirect mechanism is the sepsis syndrome which is regarded as the most prevalent and lethal cause of ARDS, but also hypertransfusions of blood products, acute pancreatitis, non-thoracic trauma with shock, disseminated intravascular coagulation (DIC), and drug overdose (opiates, thiazides, paraquat) are widespread causes of an extrapulmonary lung injury [3] . All these incidents, either direct or indirect, might trigger ALI/ARDS resulting in a uniform pathological pattern in the late stage of the disease, but the precise pathophysiological mechanism in the early ARDS may vary according to the type of pulmonary injury occurring.
Prevalence and Outcome
The incidence of ALI and ARDS is difficult to estimate, and recent data range from 10 to 58 per 100,000 persons, with higher incidence rates in the United States [4] [5] [6] [7] [8] [9] . According to recent data from a prospective European multi-center twomonth inception cohort study in 6,522 patients, the incidence of an ALI or ARDS was 7.1% of all patients admitted to an intensive care unit (ICU) [10] . It increases to 12.5% when considering only patients treated longer than 24 h in the ICU. A second study reported the incidence of ALI to be 4.5% of all ventilated patients on admission to the ICU [11] . The mortality rate associated with ARDS and ALI has declined from 50-70% 2 decades ago to 30-40% at present in recent randomized trials [12] . The multiple organ failure syndrome is the major cause of death in ARDS. For most ARDS patients, the clinical outcome and prognosis is determined in the first 7-10 days after diagnosis, since within this period, half Table 1 . Simplified consensus definition of ALI/ARDS [2] Acute onset Severe hypoxemia (PaO2/FiO2 ratio of < 300 mmHg for ALI, < 200 mmHg for ARDS) Diffuse bilateral pulmonary infiltrates on chest radiographs Absence of left atrial hypertension (pulmonary-artery wedge pressure < 18 mmHg) 
Pathogenesis
The alveolar-capillary barrier is formed by 2 distinct histological entities: the microvascular endothelium and the alveolar epithelium. The acute phase of ARDS is characterized by widespread disruption of this alveolar-capillary barrier, leading to increased permeability and thus the influx of proteinrich edema fluid into the lung, and accompanying cellular infiltrates ( fig. 1 ). Another important consequence of lung edema formation is a pronounced reduction of lung compliance which, in concert with capillary obliteration and hypoxemic and inflammation-induced vasoconstriction, culminates in the development of increased pulmonary artery pressure with subsequent right heart dysfunction and hypoxemic, hypercarbic respiratory failure if left untreated. In parallel with this scenario, a significant ventilation-perfusion mismatch develops composed of intrapulmonary shunting and dead space ventilation resulting in further deterioration of oxygenation. In the following, several different mechanisms and locations of injury are presented, all to a certain extent implicated in the pathogenesis of ARDS-associated lung injury.
Epithelial Injury
After a direct ('pulmonary') insult which can be also induced experimentally, for example, by endotoxin inhalation or acid aspiration, the primary target of injury is the pulmonary epithelium. The degree of alveolar epithelial damage is regarded as a crucial predictor of clinical outcome. The healthy alveolar epithelium consists of flat type I cells forming the vast majority of the alveolar surface, and cuboidal type II cells, which play an essential role in surfactant production, ion transport, and proliferation/ differentiation into type I cells. In the case of ARDS, a lesion of the alveolar epithelium with subsequent loss of epithelial integrity and the disruption of type II cell in particular leads to i) impaired removal of fluid from the alveolar space resulting in lung edema formation, ii) a reduced production and turnover of surfactant due to injury of type II cells (contributing to the clinical course of worsening atelectasis and gas exchange), iii) an increased risk of septic shock in patients with bacterial pneumonia, and iv) in cases of severe epithelial damage, pulmonary fibrosis as a result of disorganized or insufficient pulmonary repair [16] . Furthermore, an injured epithelium may induce inflammatory activation of adjacent endothelium and recruit leukocytes from the vascular to the alveolar space. Hecker/Walmrath/Seeger/Mayer of the patients have died or have been weaned off mechanical ventilation [13] . Survivors of ARDS tend to be young trauma patients -their lung function generally recovers over 6-12 months but residual abnormalities, including mild restriction/obstruction, impaired gas exchange during exercise, or lowered diffusion capacity, often remain. Several prospective trials using the AECC criteria have identified predictors of poor clinical outcome. Prognostic indicators for increased mortality include advanced age, the presence of non-pulmonary organ dysfunction, liver cirrhosis, active malignancy, and septic shock; whereas the initial degree of gas exchange impairment is a poor predictor of the clinical outcome unless oxygenation disturbances remain severe and persist (PaO2/ FiO2 < 50 for several days).
As lung injury can be caused by various mechanisms, several studies have focused on the identification of possible risk factors for the development of ALI/ARDS in order to prevent the incidence or progression of lung injury in high-risk populations. Hudson et al. [14] could demonstrate that patients with sepsis syndrome had the highest risk of developing ARDS (41%), followed by multiple transfusions (36%, defined as >10 red blood cell units within 12 h), aspiration pneu- 
Endothelial Injury
The main target damage in case of indirect ('extraplumonary') injury such as that observed in sepsis or pancreatitis is the pulmonary endothelium. Our understanding of the mechanisms that govern the pathophysiological responses of endothelial cells in ARDS remains incomplete. Several studies provide evidence that endothelial injury increases vascular permeability and thus promotes the formation of pulmonary edema, a key feature of ARDS ( fig. 2 ). Endothelial cell function in ALI, however, may also be altered independently of any cellular damage, a phenomenon termed 'endothelial activation'. Initially, endothelial activation was defined as an increased de novo protein synthesis in response to endothelial cell stimulation. However, the recent definition additionally includes changes in the cellular phenotype such as modification of sur- face receptors in response to challenge with microbial products, cytokines, oxidants, or microcirculatory stress. The activated endothelium has a major impact on leukocyte recruitment and migration into the interstitium, and ultimately the alveolar space, by expression of adhesion and signaling molecules which facilitate leukocyte adherence. Local and systemic generation of mediators as TNF-α [17] , IL-1 [18] , reactive oxygen species [19] , nitric oxide (NO) [20] , and proteases may be the result and further cause of perpetuating injury [21] . Once activated, leukocytes migrate from the vascular to the alveolar compartment, where they might accumulate and initiate or amplify lung injury by release of inflammatory mediators. Another key feature of endothelial activation is the induction of local coagulation and abolished fibrinolysis, resulting in excessive fibrin deposition. Finally, activated endothelial cells can affect capillary fluid flux in the lung by mediators including protein kinase C which is known to promote barrier dysfunction [22] . Impaired balance of vasodilatory and vasoconstrictive mediators may also contribute to the microcirculatory dysfunction and subsequent poor ventilation-perfusion matching observed in ARDS.
Neutrophil-Mediated Lung Injury
Neutrophils are regarded as the main players in inflammatory processes associated with ALI/ARDS. Analysis of both histological specimens and bronchoalveolar lavage (BAL) fluid obtained from the lungs of patients with ARDS provide circumstantial evidence of marked accumulation of neutrophils in this disease [23] . In addition, several animal studies demonstrate an impressive correlation between the degree of lung injury and the influx of neutrophils into the air spaces. At the site of action, neutrophils are not only able to fight invading microorganisms but can also cause cell damage by the production and secretion of proinflammatory mediators, free radicals, reactive oxygen species, and proteases. These findings support the notion that neutrophil-dependant inflammation is not only the result but also the cause of ALI. However, there is also evidence for a neutrophil-independent mechanism since patients with profound neutropenia are able to develop ALI and ARDS [24] . In summary, it is now widely accepted that neutrophils are an important but not essential component of the injurious response.
Inflammatory Mediators
The inflammatory process in ARDS is essentially driven and amplified by a complex network of cytokines and other proinflammatory mediators, which are predominantly produced locally in the lung by neutrophils, macrophages, alveolar epithelial cells, or fibroblasts. Upon distinct stimuli, alveolar macrophages in particular secrete a plethora of proinflammatory compounds including TNF-α, IL-1, IL-6, and IL-8, which by themselves act locally to stimulate chemotaxis to recruit and activate neutrophils. Many other inflammatory mediators such as high mobility group-1 protein, vascular endothelial growth factor (VEGF), or thrombin are involved in increased vascular permeability contributing to lung edema formation [25] . There is furthermore good evidence that the platelet activating factor (PAF) has significant impact on the activation of neutrophils and platelets, and that PAF application could mimic the clinical picture of ALI.
Ventilator-Induced Lung Injury
Both experimental and clinical evidence indicate that mechanical ventilation at high volumes and pressures can severely injure the lung independently of common inflammatory or toxic causes [26, 27] . This mechanical stress might exert deleterious effects on alveolar structure and compartmentalization of the lung. Recent observations suggest that high pressure and volume ventilation induces alveolar overdistention, increased oxygen toxicity, and a possible exacerbation of inflammation as mediators or endotoxin might translocate from the lung into the systemic circulation due to a loss of pulmonary compartmentalization [16, 28] . The combination of alveolar overdistention coupled with cyclic collapse and reopening of atelectatic alveoli is regarded as extremely harmful to lung architecture and lung function. Furthermore, the role of stretchinduced cytokine release and signal transduction is thus far poorly understood. Experimental and clinical observation of injurious ventilatory strategies has initiated the approach of lung-protective ventilation which has emerged as a key feature of ARDS treatment.
Histopathology
ALI/ARDS can be divided into 3 histopathological phases. In spite of the distinct histological characteristics of each phase, there is significant overlap which is clinically indistinguishable.
Exudative Phase
This stage occurs in the acute early phase (1-7 days after injury) and is characterized by diffuse alveolar damage (DAD) with widespread epithelial injury (particularly necrosis of alveolar type I cells) with increased alveolar-capillary permeability resulting in the accumulation of an interstitial and alveolar protein-rich edema, hemorrhage, and diffuse neutrophilic alveolar infiltrates [29] . The hallmark of this acute phase is the formation of hyaline membranes which are homogenous eosinophilic structures usually containing fibrin, immunoglobulins, debris from sloughed cells, and complement.
Proliferative Phase
The proliferative phase starts typically 1-2 weeks after the original insult and can be regarded as a process of lung repair manifested especially as proliferation and hyperplasia of alveolar type II cells. These cells proliferate in an attempt to cover the denuded epithelial surfaces occurring after necrosis of alveolar type I cells in the early phase of ALI [25] . A second key feature is the proliferation of fibroblasts -initially only in the interstitium and later focally within the alveolar lumen -in an effort to organize DAD. The consequence of such a process is an extreme narrowing, and even obliteration, of the airways.
Fibrotic Phase
Only some patients with ALI enter this phase, typically starting 10-14 days after initial injury. It is characterized by chronic inflammation with accumulation of lymphocytes and macrophages, as well as fibrosis, and tortuous vessels narrowed by myointimal thickening and mural fibrosis. A hallmark of this phase is the dramatic and unpredictable increase in total lung collagen content resulting in reduction of lung compliance, tidal volume, and CO2 retention. Survivors of ARDS manage to eliminate this extended collagen deposition and return to relatively normal lung function, but the exact underlying mechanism remains a mystery [30] . Nevertheless, it has been repeatedly shown that high levels of procollagen peptides detected in early stages of ARDS and the degree of fibrosis per se can be regarded as a key predictor of poor clinical outcome. Except in cases of lethal outcome or rapidly-progressing fibrosis, strategies for resolution of ARDS have developed. A key mechanism to resolve the alveolar edema is the active transport of sodium from the alveolar space to the interstitium, which has the consequence that edema fluid follows passively, likely through special water channels, the so-called aquaporins. As the edema in ARDS is usually protein-rich, and a framework of hyaline membranes is present throughout lung, it is problematic to remove these considerable quantities of soluble and insoluble proteins from the alveolar space. Soluble proteins are probably removed by paracellular diffusion, whereas insoluble protein is cleared by macrophages (via phagocytosis) or endocytosis by alveolar epithelial cells. As described above, alveolar type II cells initiate and promote reepithelialization of the denuded alveolar epithelium by proliferation and subsequent differentiation into type I cells. In addition, apoptosis is regarded as an essential mechanism for the clearance of neutrophils from the injured lung, however, the balance of pro-and antiapoptotic mediators in alveolar injury and repair requires further research in the future.
Treatment

Mechanical Ventilation
Mechanical ventilation is an essential component of ARDS treatment -an optimal ventilation strategy has become one of the most controversial issues in the management of ALI/ ARDS since the syndrome was firstly described. Historically, the primary goal was to achieve almost normal arterial blood gases even if high tidal volumes were required. This traditional approach led initially to an oxygenation benefit, but severe complications of this high tidal volume ventilation became rapidly evident. Animal studies indicate that alveolar overdistention by large tidal volumes can not only perpetuate but also cause lung injury [26] . This notion was supported by observations of exacerbated inflammation, destruction of alveolar architecture, and increased incidence of barotrauma, which compromise alveolar integrity and produce additional capillary leakage. These facts gave rise to the idea that tidal volumes should be reduced in the sense of a lung-protective ventilation [31] . After several animal studies and small randomized trials suggested a potential benefit of smaller tidal volumes, the NIH ARDS Network compared in a large multiple-center trial (861 patients) traditional tidal volumes (12 ml/kg of predicted body weight) with a lower tidal volume (6 ml/kg of predicted body weight). This study demonstrated a significant reduction in 28-day mortality from 40 to 31% in the group with low tidal volume and a plateau pressure of 30 cm of H2O [13] . Although this study has generated substantial debate, low-tidal volume lung-protective ventilation is the only intervention which proved to reduce mortality and therefore should be nowadays standard of care in the management of ALI and ARDS [32] . To further optimize ARDS ventilation strategies there has also been considerable interest in the identification of optimal level of positive end-expiratory pressure (PEEP) in these patients. A higher level of PEEP ('open lung concept') might improve oxygenation mostly by stabilizing injured and recruiting collapsed alveoli but showed often increased adverse effects like a decrease of cardiac output, overdistention of already recruited alveoli with subsequent barotraumas or increased lung edema formation. The ARDS Network conducted a multiple-center randomized trial to investigate the effect of PEEP on survival, but no PEEP concept proved to be superior in terms of clinical outcome [33] . A moderate level of PEEP in combination with a lung-protective ventilation currently seems to be the best available approach to ventilate patients with the ARDS [32] .
Fluid Management
Optimal fluid management in ALI/ARDS is one of the most controversial issues in disease management currently discussed. The rationale for restricting fluids in ARDS patients is to lower vascular filling pressure and thereby reduce pulmonary edema. Observational studies with ARDS patients who had a negative fluid balance demonstrated improved survival [34] [35] [36] . The second concept, favoring a higher volume status, prioritizes cardiac output, organ perfusion, and oxygen delivery. The ARDS Network compared these 2 fluid management strategies in ALI, described an improved oxygenation index, and shortened duration of mechanical ventilation in the group of patients receiving a conservative, restrictive fluid therapy [37] . Despite such advantages, a significant difference in mortality could not be observed. Despite a paucity of studies, it is a reasonable objective to maintain the intravascular volume at the lowest level that is consistent with adequate systemic perfusion especially when treating septic patients with ARDS.
Surfactant Therapy
Decreased surfactant function due to reduced production by injured alveolar type II cells and inhibition by extravasated fibrin is a key feature of ARDS. Surfactant replacement therapy has been shown to be successful in infants with neonatal respiratory distress syndrome [38] . Therefore, treatment with surfactant has also been proposed in ALI/ARDS patients to compensate possible formation of atelectasis and thus improve oxygenation. Although several preliminary phase I and II studies yielded encouraging results concerning pulmonary function and mortality, a recent multiple-center, randomized, controlled phase III trial in 448 patients with intratracheal installation of SP-C-based surfactant failed to demonstrate changes in the duration of mechanical ventilation or in sur- vival [39] . Currently, there is no evidence that surfactant therapy improves the mortality observed in ARDS patients. However, clinical trials are underway investigating different surfactant preparations and the subgroups within the patient population under study.
Glucocorticoids
Due to their anti-inflammatory and anti-fibrotic properties, glucocorticosteroids were the earliest therapeutic option evaluated for the treatment of both the early exudative, as well as the late proliferative phase of ARDS. Glucocorticoids can effectively reduce the inflammatory reaction by inhibiting the production of proinflammatory cytokines such as TNF-α, IL-1, IL-6, and IL-8. In addition, glucocorticoids play a pivotal role in collagen degradation, and might prevent excessive deposition of extracellular matrix. Early studies conducted in the 1980s in ARDS patients failed to demonstrate any benefit of short-term, high-dose methylprednisolone treatment to prevent the development of ARDS or to reduce mortality when administered in the early phase of this syndrome [40, 41] . Despite the failure of the randomized trials concerning prevention or early treatment, great interest remained using glucocorticoids to treat the late fibrosing phase of the disease. Several small uncontrolled studies and case reports suggested a clinical benefit of extended therapy with moderate to highdose glucocorticoids concerning mortality and lung injury score [42, 43] . Encouraging results in these studies stimulated the ARDS Network to undertake a large multiple-center randomized controlled trial, called the Late Steroid Rescue Study. The results do not support the routine use of glucocorticoids for persistent ARDS as no difference in 60-day or 180-day mortality could be shown, despite the observed improvements in gas exchange and time on ventilation [44] . In a recent study, Meduri et al. [45] investigated in a randomized, controlled trial the effect of low-dose prolonged administration of methylprednisolone in early ARDS. Low-dose glucocorticoid treatment was associated with a reduction of lung injury score and need for ventilation as primary endpoints. In addition, a reduction in ICU mortality and infections were reported. In conclusion, there is not enough evidence to support the routine use of glucocorticoids in the early and late phase of ALI/ ARDS. However, recent data indicate a survival benefit of low-dose glucocorticoid treatment in early ARDS, which will need confirmation in a larger trial.
Inhaled Vasodilators
One key pathophysiological characteristic of ARDS is the loss of hypoxic vasoconstriction in the non-ventilated lung regions and impaired vasodilatation in aerated pulmonary regions, resulting in increased intra-pulmonary right-to-left shunting, dead-space ventilation, elevated pulmonary artery pressures, and severe hypoxemia. Therapeutic use of selective pulmonary vasodilators could address this mechanism by improving the ventilation-perfusion matching and decreasing pulmonary artery pressure resulting in an improvement of oxygenation. Based on these ideas, 2 selective pulmonary vasodilators, inhaled NO and inhaled prostacyclins, have been tested for the treatment of ALI/ARDS patients. Due to its physiological properties, NO seemed to be an ideal therapeutic agent for selective intra-pulmonary vasodilatation in ARDS. On the basis of promising results in animal models, Rossaint et al. [46] published data demonstrating that NO inhalation caused a significant improvement in arterial oxygenation and reduction of pulmonary artery pressure. To translate these encouraging physiological effects into improved clinical outcome, several randomized, controlled studies were conducted [47, 48] . Despite beneficial effects on oxygenation and ventilation-to-perfusion ratio, a survival benefit with inhaled NO was not detected. Walmrath et al. [49] were the first to demonstrate that inhaled prostacyclins, such as aerosolized prostaglandin I2, possess selective vasodilatory properties in severe ARDS. Several subsequent observational studies confirmed an improvement in oxygenation, ventilation dependency, or lung compliance, but no difference in mortality [50, 51] . In summary, existing data suggest that the routine use of inhaled NO and prostacyclins cannot be recommended in ALI/ARDS treatment, whereas they might be useful as a rescue therapeutic option for severe ARDS with refractory hypoxemia.
Extra-Corporal Membrane Oxygenation
Extra-corporal membrane oxygenation (ECMO) is designed to establish an extra-corporal circuit to improve oxygenation in patients refractory to conventional ventilatory support. Although some studies have revealed beneficial effects and the use of ECMO technology is widely accepted in pediatric intensive care medicine, controlled clinical trials did not reveal an improvement in survival or ventilation time [52, 53] . For this reason, ECMO therapy cannot be recommended for routine management in ALI/ARDS but might be useful as a rescue option in cases with refractory hypoxemia.
Supportive Care
The reported decline in mortality in patients with ARDS over the past decades is closely associated with advances in supportive care. General principles of this supportive care include the early identification and subsequent aggressive treatment of the underlying causes of ALI/ARDS. Furthermore, potential complications such as secondary infections, gastrointestinal ulcers and bleeding, and thromboembolism should be minimized. Another essential component of appropriate supportive care is the supply of adequate nutrition to ARDS patients to optimize the metabolic rate. A very promising attempt is the administration of fish oil-enriched nutrition that improved oxygenation and ventilation time in several trials including a multiple-center randomized controlled study [54] [55] [56] [57] .
Conclusion
Since the first description of ARDS in 1967, there has been tremendous progress in the understanding of this syndrome and its therapy, which is reflected in constantly declining mortality rated from 60% in the early years to about 30-40% at present. Despite encouraging results in pharmacotherapy, only low-tidal volume lung-protective ventilation has proven to have a significant mortality benefit for ARDS patients. Although preliminary studies often demonstrate promising results, all pharmacological interventions attempted to date have failed to reduce the mortality rate in ARDS patients, and can currently not be recommended for use in standard therapy. What might be the reason for the lack of success of pharmacotherapy in the treatment of ALI/ARDS? As mentioned earlier, the pathophysiology of ARDS can be divided into several distinct phases, differing in histological features, physiology, and pathology. It might be assumed that the early and late phase of ARDS might require different pharmacological approaches. As the heterogeneity of ARDS patients makes it difficult to identify a universal pharmacological therapy, special attention should be paid to an appropriate patient selection for clinical trials. Effective future therapeutic approaches for ARDS treatment may also include the emerging areas of basic research as stem cell-or gene therapy-based approaches.
